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D.ese Einrichtung verwendet zum Empfang des sional 
ubertragenden magnetischen Feldes mehrereVbe m?nde- 

zw.scnen ihren geometr.schen Achsen und in einer oder 
'7 9 e 9ensei«ig senkrech.en Ebenen in einer bestfrnmfen 
We.se geordnet. so dafi die Rich.ungen ihrer geome Sin 
Achsen und auch die Richtung der Achse d.r SeS„l 

..7n Sr B 7™ er * e ' ner Eb6ne ° der 8UCh m Raum 2«e I 
seKvO.ese Empfangsspulen sind gleichzeitig Induktivitaten 

der Empfangsresonanzkreise. und von jedem solchen Relo 
den Em^n W t, 6ineS SiCh Periodisch wiede?ho!e°. 
. . Senoin 9 ^ US m ' ndeS * enS e ' nma ' »9"»'-P"""""g 

- r L x F « 9 .L u dar ? eS,e " te Einfichtun 9 h * drei Empfangsspulen 
n-„ h V 9 e 9 enseiti 9 senkrech.en Achsen Rich.un 

gen d.eser Achsen und auch der Achse der SendesouTe , dOr 

anlreis r s :e t h 3,iebi9 S6in *" Er »*" u "" auf Jne'n Ret.' 
nanzkre.s .st e.n gememsamer Kondensator ,C« verwendet 

die '£l?Zi?7 hle '°? ZUm Si9 " alvers ***** »A ^ werden 
e,ne S.gnalubertragung im Nahbereich geeignet. 
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1-Eine Einrichtung zur Vermeidung eines Signal- 
verlustes durch die Richtcharakteristiken der Sen- 
de- und Empfangsspule bei einer Signalubertra- 5 
gung mit magnetischem Feld dadurch gekenn- 
zeichnet, daB zum Empfang des signalubertragen- 
den magnetischen Feldes mehrere aber mindestens 
zwei Empfangsspulen die einen geeigneten Winkel 
zwischen ihren geometrischen Achsen haben f ver- io 
wendet sind unc( jede Empfangsspule ist auch In- 
duktivitat, entweder ganze oder nur eine Teilinduk- 
tivitat, eines eigenen auf die Empfangsfrequenz ab- 
gestimmten Resonanzkreises so daQ auch bei einer 
im Raum oder mindestens in einer Ebene beliebi- (5 
gen Richtung der geometischen Achsen der Emp- 
fangsspulen und der Sendespuie mindestens in ei- 
nem solchen Resonanzkreis eine Signalspannung 
tnduziert wird und diese Signalspannung von jedem 
Resonanzkreis unabhangig und getrennt von alien 20 
anderen Resonanzkreisen mit einem Signalverstar- 
ker abgenommen wird. 

2. Eine Einrichtung nach Patentanspruch (1) da- 
durch gekennzeichnet, daB zum Empfang des si- 
gnalubertragenen magnetischen Feldes zwei Emp- 25 
fangsspulen mit gegenseitig senkrechten geometri- 
schen Achsen verwendet sind. 

3. Eine Einrichtung nach Patentanspruch (1) da- 
durch gekennzeichnet, daO zum Empfang des si- 
gnalubertragenden magnetischen Feldes drei Emp- 30 
fangsspulen mit gegenseitig senkrechten geometi- 
schen Achsen verwendet sind. 

4. Eine Einrichtung nach Patentanspruch (1) da- 
durch gekennzeichnet, daB zum Empfang des si- 
gnalubertragenden magnetischen Feldes drei Emp- 35 
fangsspulen welcher geometrische Achsen oder 
Projektionen dieser in einer Ebene liegen verwen- 
det sind und der Winkel zwischen den geometri- 
schen Achsen zwei benachbarten Empfangsspulen 
betragt60°. 40 

5. Eine Einrichtung nach Patentanspruch (1) da- 
durch gekennzeichnet, daB die geometrischen Ach- 
sen der zum Empfang des signalubertragenden ma- 
gnetischen Feldes verwendeten Empfangsspulen in 
zwei gegenseitig senkrechten Ebenen geordnet 45 
sind. 

6. Eine Einrichtung nach Patentanspruch (1) (5) da- 
durch gekennzeichnet. daB zum Empfang des si- 
gnalubertragenden magnetischen Feldes in jeder 
Ebene drei Empfangsspulen verwendet sind, wobei 50 
eine Empfangsspule welcher geometrischen Achse 

in der Schnittgerade beider Ebenen liegt fur beide 
Ebenen gemeinsam ist und der Winkel zwischen 
den geometrischen Achsen zwei in einer Ebene be- 
nachbarten Empfangsspulen betragt 60°. 55 

7. Eine Einrichtung nach Patentanspruch (1) da- 
durch gekennzeichnet. daB die zum Empfang des 
signalubertragenden magnetischen Feldes verwen- 
dete Empfangsspulen Spulen mit Ferritkernen sind. 

8. Eine Einrichtung nach Patentanspruch (1) da- eo 
durch gekennzeichnet, daB die zum Empfang des 
signalubertragenden magnetischen Feldes verwen- 
dete Empfangsspulen Rahmantennen sind. 

9. Eine Einrichtung nach Patentanspruch (1) da- 
durch gekennzeichnet. daB zum Empfang des si- 65 
gnalubertragenden magnetischen Feldes drei Emp- 
fangsspulen mit gegenseitig senkrechten geometri- 
schen Achsen verwendet sind, wobei zwei Emp- 



fangsspulen Ferritantennen sind und die dritte 
Empfangsspule erne Rahmantenne ist 

10. Eine Einrichtung nach Patentanspruch (1) (10) 
dadurch gekennzeichnet. daB der Schnittpunkt der 
geometrischen Achse der Rahmantenne mit der 
Ebene. in welcher die geometrischen Achsen der 
zwei Ferritantennen liegen sich in dem Winkel zwi- 
schen den geometrischen Achsen beider Ferritan- 
tennen befindet 

11. Eine Einrichtung nach Patentanspruch (I) da- 
durch gekennzeichnet, daB die induzierte Signal- 
spannung von jedem Resonanzkreis mit einem ge- 
trennten Verstarker abgenommen wird 

12. Eine Einrichtung nach Patentanspruch (1) da- 
durch gekennzeichnet, daB die empfangene Signal- 
spannung von den mit Trenngliedern entkoppelten 
und parallel geschalteten Ausgangen aller Verstar- 
ker abgenommen wird. 

13. Eine Einrichtung nach Patentanspruch (1) (13) 
dadurch gekennzeichnet, daB die demodulierte Si- 
gnalspannung von den mit Trenngliedern entkop- 
pelten und parallel geschalteten Signalgleichrichter 
aller Verstarker abgenommen wird. 

14. Eine Einrichtung nach Patentanspruch (1) da- 
durch gekennzeichnet, daB jeder von den mit den 
Empfangsspulen gebildeten Resonanzkreisen wah- 
rend eines Empfangszyklus mindestens einmal in 
einem und nur einem Resonanzkreis zugeordneten 
Zeitpunkt und wahrend eines Zeitabschnittes gege- 
bener Lange zur Abnahme der induzierten Signal- 
spannung mit einem elektronischen Schalter zu ei- 
nem gemeinsamen Signalverstarker angeschlossen 
wird. 

15. Eine Einrichtung nach Patentanspruch (1) (16) 
dadurch gekennzeichnet, daB die zu dem Signalver- 
starker gerade nicht angeschiossenen Resonanz- 
kreise mit elektronischen Schaltern kurzgeschlos- 
sen oder mindestens verstimmt werden. 

16. Eine Einrichtung nach Patentanspruch (1) (15) 
dadurch gekennzeichnet, daB alle mit den Emp- 
fangsspulen gebildeten Resonanzkreise einen ge- 
meinsamen Abstimmkondensator haben zu wel- 
chem wahrend eines Empfangszyklus jede Emp- ' 
fangsspule als Induktivitat eines solchen Resonanz- 
kreises mit einem elektronischen Schalter minde- 
stens einmal angeschlossen wird. 

17. Eine Einrichtung nach Patentanspruch (!) (17) 
dadurch gekennzeichnet, daB der gemeinsame Ab- 
stimmkondensator entweder direkt oder mit einem 
Koppelglied zu dem Eingang eines gemeinsamen 
Signalverstarkers angeschlossen ist. 

18. Eine Einrichtung nach Patentanspruch (1) (15) 
(16) (17X18) dadurch gekennzeichnet. daB als elek- 
tronische Schalter Feldeffekttransistoren verwen- 
det sind. 

19. Eine Einrichtung nach Patentanspruch (1) da- • 
durch gekennzeichnet, daB zur Obertragung eines 
Informationsinhaltes einer bestimmten Lange wird 
dieser Informationsinhalt in seinem vollen Umfang 
mehrmals aber mindestens mit einem Doppelpro- 
dukt der Anzahl der Empfangsspulen, die verwen- 
det sind, einem Hochfrequenzimpuls einer geeigne- 
ten Lange aufmoduliert. 

20. Eine Einrichtung nach Patentanspruch (1) da- 
durch gekennzeichnet. daB zur Obertragung eines 
bestimmten Informationsinhaltes dieser Informa- 
tionsinhalt mit einer Anzahl von Hochfrequenzim- 
pulsen wiederholt ubertragen wird und jeder von 
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diesen Hochfrequenzimpulsen ubertragt diesen In- zwischen ihrp„ „- • u a . 

ormai.ons.nhal, vollstandig und in seinem vollen d?lH* einer e,r ' sche " A , ch u sen si "d *o gewahlt, 

Umfang und die Anzahl dieser Hochfrequenzim- Ach^?£Lf£^ hU \^ tbl * w Richtun g der 

pulse , si . gleich mindestens dem Doppelprodukt der R^^t^^^T-^ emer Ebene m 

Anzahlder verwendeten Empfangs^ ,e, 5 p^^^^^^s 

Zur Vermeidung eines Empfangsverlus.es durch die wi^Ji^^^ p i^ mti .^ M 8^n Lx Ly 

. digkeit emer Bedienung und die zur Einstelltin* H?r • . - 2 • Em P fa . n g ss Pulen in horizontaler Ebene Di« 
Achse der Spule notwfndige Zeit eine Sdte und h Z"" , induktiven Obertragung unS im Nah 
toitige Signa.ubertraguf* is, ^"Sff^ SSKjSXSlSr fj g ^f ""gende 'Ignt 
hch Bei emer S.gnalubertragung im Fernfeld mUssen 20 dStenTSm P c ,e . U \ St gIeich ^ sich "in- 

die R.chiungen der geometrischen Achsen bei beideS 2x2? i« • ? So e " old « nahert Der Winkel 
Sputen e.nsiellbar sein und Posi.ionen beider Sp£ FeldTbie "f ' und'Tr' Tangente zu <™ 

Bere^ emer Nu.lausstrahlung wie bei einem DipoI 25 ^^^Z^^^ 

Eine Verwendung mehrerer Sendespulen mit zuee- d!l Um ^°', « ed f e ^ ten geometrischen Achse Sg- 
lassenen beliebigen Richtungen ihrer A?h en Z Raum wJS^S T 4 dar g«teHt. betragt dfr 
aber m.t gegenseitig unterschiedlichen und fest ««bT-' Zn^Z fT* 6 " ^ Ta " gen,e >" un <* dfr der 
nen R.chtungen ihrer geometrischen Achsen. »Sfl dL 30 KlVnT„„ ^ der Em P fa "g«Pule -Ly", dfc 
SseT age , nde r gnCtische Fe,d v °" ^es'en dS E^oln^ d % Em P fangSS P u,e ^ 

mindestens einmal ausgestrahlt werden und ZeTuf? S^?* e " tko PP e '«' ^er Resonanzkreis i« zu ef- 

wand ,st auch grSBer als fur nur eine Ausstrahlung der -SeTS^? t ^" X "J nge,,WoMen - Die 

Jnformation notwendig is, und es muB fur die mehrere auch kK?H fW f e " ^ Reso "anzkreisen muB 

S eS fM e 7°-, We u ndi ! er Raum vorhande " «in. KemfllSn w;„^-J^ nanZltreise dUrfen sich nich < 

Zur Erregung des signaliibertragenden magnetischen '^g^gF" 0 ™?* 11 ™"^ 
52?rf W '!J T Sendes P ule v erwende, und entspre" <s ^SLJ*' E '"^""ng drei Empfangs- 

chendderKomb.nat.onderverwendetenEmDfanKSDu !" ^ „ ' T ^ m,t gegense.tig senkrechten geo- 
len kann die Richtung ihrer Achse im Raum oder m nd£ a"^* ?™i ka "? die Richtun g *r geomt 

stens m emer Ebene beliebig sein durfen Zum Emnfana £ f , ^ d f r Scnde spu!e im Raum beliebig sein 
.hres Feldes werden mehfere aSe mi n d e T,e„7zwei Empfangss P u,e ist '"duktivitat eines auf 5 e 

Empfangsspuien mit einem bestimmten durch die An so de R ^, f 'T„ ab ^ S, ' mm,en ReSOnanzkreis « ""d je^ 
.zahl der Empfangsspuien und Verwendungszweck der £ S-SnSST C ' nem eigCnen Signalverstar- 

Diein einerEmpfangsspuleinduzierteSpannung^ " { [Z f 6 " ne " Paral,el g « ch '"et und don 
c d^rnh H nk M n deS , Winke,s " zwische " de'r Senlfech- werden dem ° dul,erte S 'gnalspannung abgenommen 

^32^"^ ^STg&Z f ^ 5 ? — ^ Einordnung fOnf Emp 

-JenFeidesundist^. • « 2^ 60 KeS 

Die Senkrechte durch die Mine der Emofan,^ , Ebe " C ^" Und in der "Z™£^%^S^ 

zu ihrer Ebene der elektrischen Achse k.Th/ ?*^ PU * tnSChe Achse der Sendespule ^"darf dannTJn 

der geometrischen Achs^ "mpfX p teTe ton" ?" RiChtU " g ha ben und e n VortS dtaS 

s,an,e 'A' is, abhangig von der ln,ens S des ; m« E,nordnun g de ^ Empfangsspuien sind kleinere! Schwan 

tischen Feldes durch die Empfangs pu e u ^nd von ihre^ 5""^" dw 3m A " Sgang der Einrfchtunr.bgeglbTnen 

Ausfuhrung. g P und von "hrer S.gnalspannung als Funktion der Richtung d er ™T 

Die Anzahl der Empfangsspuien und der Winkel a Kigna Wat ITp^ jed ^ Ebe ^ 

iur iignalempfang drei Empfangsspuien verwendet. in 
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der Ebene M X U sind es "Lx," «LxA "Lx/ 4 , in der Ebene 
"V'sind es Empfangsspulen "Ly^ "Ly 2 " "Lxy". Die Emp- 
fangsspule u Lxy"\st gemeinsam fur beide Ebenen. Der 
Winkel a zwischen zwei in einer Ebene liegenden geo- 
metrischen Achsen zwei benachbarten Empfangsspulen 5 
betragt or = 60°. Es sind nur die Richtungen der geome- 
tnschen Achsen der Empfangsspulen gegentiber der 
Richtung der Ausbreitung des signaltibertragenden ma- 
gnetischen Feldes wichtig und diese bleiben beibehalten 
auch wenn sich die u Lx u Empfangsspulen zum Beispiel in io 
einer Linie befinden wie in Fig. 6 dargestellt oder wenn 
sich auch die ^Empfangsspulen, also alle Empfangs- 
spulen in der horizontalen Ebene befinden Fig. 6, Fig. 7. 

In Einrichtungen, wo die Empfangsspulen aus Raum- 
grunden sich in kleinen Distanzen nebeneinander befin- is 
den mussen und ihre gegenseitige induktive Kopplung 
kann nicht eliminiert werden, aber die Resonanzkreise 
durfen sich nicht beeinflussen, dort ist es mSglich, diese 
Schwierigkeiten damit umzugehen, daB in einem Zeit- 
punkt und wahrend eines Zeitabschnittes Lange % m 20 
wird die Signalspannung nur von einem Resonanzkreis 
abgenommen und nur dieser wird mit einem elektroni- 
schen Schalter zu dem SignalverstSrker angeschiossen, 
die ubrigen Resonanzkreise konnen dann mit elektroni- 
schen Schaltern kurzgeschlossen oder mindestens ver- 25 
stimmt werden. 

In Fig. 8 ist Beispiel einer Einrichtung mit zwei Emp- 
fangsspulen "Lx", u Lym\t gegenseitigsenkrechten geo- 
metrischen Achsen u xg" und ytf t die in horizontal 
Ebene Iiegen t die Richtung der geometrischen Achse 30 
"sg"der Sendespuie "L$"kann dann in horizontaler Ebe- 
ne beliebig sein diirfen. Der elektronische Schalter 
"SchJC" zum AnschlieBen des Resonanzkreises mit der 
Empfangsspule "Lx* wahrend einer Empfangszeit "re" 
zu dem SignalversUrker U A U oder zum kurzschlieBen 35 
dieses Resonanzkreises und der elektronische Schalter 
"SchY* mit ahnlicher Funktion zu dem Resonanzkreis 
mit der Empfangsspule sind mit der Schaltersteuerung 
(070) betatigt Die Signalspannung wird von den Reso- 
nanzkreisen in einem sich periodisch wfederholenden 40 
Empfangszyklus abgenommen und jeder Resonanzkreis 
wird wahrend dieses Empfangszyklus mit seinem elek- 
tronischen Schalter in einem nur ihm zugeordneten 
Zeitpunkt und wahrend einer Empfangszeit *7e"zu ei- 
nem Signalverstarker "^"einmal angeschiossen. Dieses 45 
Empfangszyklus wiederholt sich periodisch, nach der 
Abnahme der Signalspannung von dem letzten Reso- 
nanzkreis wird die Signalspannung wieder von dem er- 
sten Resonanzkreis abgenommen. Die Lange u t cz " eines 
Empfangszyklus ist abhangig von der Art der ausge- 50 
strahlten Information und von der Art der Ausstrahlung 
dieser Information. In Fig. 11 sind die Impulsdiagramme 
der Einrichtung von Fig. 8, die Information wird in 
Form eines nichtmodulierten HF Impulses von einer 
Lange V ausgestrahlt. Die Empfangsspule "Lx" befin- 55 
det sich in einer Lage bei welcher >,"=0° und die in ihr 
induzierte Spannung "U x u ist maximal, die Empfangs- 
spule "Ly" muQ sich gleichzeitig in einer Lage bei wel- 
cher >/=90° befinden und die in ihr induzierte Span- 
nung "£/"ist gleich Null, £A=0. 60 

Die Lange eines Empfangszyklus ist gegeben mit 
der Anzahl "a" der Empfangsspulen. mit der Empfangs- 
zeit V notwendigen zum sicheren Empfang der mit 
dem HF Impuls ubertragenen Informationen mit einer 
beliebigen Empfangsspule und bei einer beliebigen Po- 65 
sitiondes HF Impulses gegeniiberdem Empfangszyklus. 
und mit der Zeit "t oc u was die Zeit ohne Empfang ist und 
das ist die Zeit zwischen zwei nacheinander folgcnden 



Empfangszeiten t e zwei Empfangsspulen. Die minimal 
notwendige Lange ernes Empfangszyklus ist dann 
tc, - a • f^min Die minimal notwendige 

Empfangszeit mit einer beliebigen Empfangsspule ist- 
MTiir 1= 2 ■ r, c mm + r 0ft wobei ^min ist die zum siche- 
ren Empfang der ubertragenen Information mit einer 
beliebigen Empfangsspule minimal notwendige Zeit. 
Diese Zeit "f^in" ist bestimmt mit der ubertragenen 
Information, mit den Schaltzeiten der elektronischen 
Schalter und Ansprechzeiten des Verstlrkers M A m Die 
Empfangszeit "tMn M muB dann die linge: 
f tf min = 2 - t te mln + ^Jiaben weil, wie in Fig. 1 1 Zeile 
M Ind.Spannung in Spule und Zyldus" in dem Zyklus u n u 
und in dem Zyklus "n+1" dargestellt, die "f^min" muB 
auch bei einer ungQnstigsten Position des HF Impulses 
zu den Empfangszyklen gesichert bleibert Aus den Im- 
pulsdiagrammen in Fig. 1 1 ist auch sichtbar, daB jeder in 
einem beliebigen Zeitpunkt gesendete HF Impuls mit 
mindestens einem Empfangszyklus %/ empfangen wird 
und jedesmal in dem Resonanzkreis mit der Empfangs- 
spule "Lr"eine Signalspannung wahrend eines Zeitab- 
schnittes Lange: t ind = t ic m\n induziert wird. Die Lange 
des HF Impulses ist: « t„. Wenn ein ausgestrahlter 
HF Impuls wahrend zu zwei nacheinander folgenden 
Empfangszyklen gehorenden Empfangszeiten % u eines 
Resonanzkreises empfangen wird, wird wahrend dieses 
HF Impulses Lange Vdie Signalspannung in diesem 
Resonanzkreis zweimal induziert. In Fig. 11 ist das der 
Fall bei dem HF Impuls *7n"der wahrend des /Men und 
(/7+l)-ten Empfangszyklus empfangen wird. Mit einem 
HF Impuls einer bestimmten Lange V kann nur ein 
Informationsinhait einer bestimmten Lange Vubertra- 
gen werden, zur Obertragung eines Informationsinhal- 
tes einer Lange k • f/sind mindestens k-HF Impulse und 
k- Empfangszyklen notwendig. 

Eine Einrichtung mit drei Empfangsspulen "Lx\ u L/\ 
7^,; „Segenseitig senkrechter geometrischer Achsen 
V "yg"' Vdie eine Signalubertragung bei einer be- 
liebigen Richtung der geometrischen Achse "sg" der 
Sendespuie "Ls"\m Raum ermdgiicht ist in Fig. 9 darge- 
stellt. Die Induktivitaten u Lx" % "Ly" % u Lz u der drei Reso- 
nanzkreise haben einen gemeinsamen Abstimmkonden- 
sator "C\ zu diesem und gleichzeitig zu dem Verstarker 
"A" werden wahrend eines Empfangszyklus die Emp- 
fangsspulen mit elektronischen Schaltern "Sch • X" 
"Sch • Y" t u Sch • Z"in einzelnen jeweils nur einer Emp- 
fangsspule zugeordneten Zeitpunkten angeschiossen, 
die Resonanzkreise werden gebildet und die Signal- 
spannung wird abgenommen. Da durch die Empfangs- 
spulen ein Zirkulationsstrom der Resonanzkreise flieBt. 
sind als Schalter Feldeffekttransistoren verwendet Die 
Empfangsspule "Lz'ist eine Rahmantenne und ihre In- 
duktivitat wird mit der Abgleichspule "La'auf die Reso- 
nanzfrequenz abgeglichen. In Fig. 10 sind die Emp- 
fangsspulen abgebildet, "Lx"und u Ly" sind Ferritanten- 
nen und die "Lz"eine Rahmantenne, diese Kombination 
ist flach und ermdgiicht auch eine flache Ausfuhrung 
eines Gerates was besonders bei tragbaren und Ta- 
schengeraten Vorteil ist. In Fig. 12 sind die zu der Ein- 
ordnung von Fig. 9 gehorenden Impulsdiagramme. 

Eine Vorraussetzung bei einem Empfang mit dem Ab- 
lauf wie in den Impulsdiagrammen Fig. 11 und Fig. 12 
dargestellt ist einer wahrend der ganzen Zeit *V der 
Ausstrahlung des HF Impulses sich nicht andernde In- 
formationsinhait, so daB mit einer beliebigen Empfangs- 
spule wahrend einer Empfangszeit *7, t .min"in einem be- 
liebigen Abschnitt des HF Impulses immer der vottstan- 
dige Informationsinhait empfangen wird. 
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ganzen Ausstrahlungszeit Lange %'ohne Unterbruch der LnrS W ' angen Au "trahl u „ gS2e i t 

ZiZ • Mn - '! ? m P fangen wlrden. dann muB dice! t^l* 0 ^™.?"* ^ C,ner , <*' «> ' '<>< langen Ze 

nformat.ons.nhalt wahrend mindestens eines Emp- « , A " ss '7 hlun S der Information und is 

fangszyklus m,t mindestens einer Empfangsspule voN Hi-Ty , -\ {W ~ 0 " '«* Die Zeit V angenommen 

stand.g und wahrend seiner ganxen Lange ? " ohne Un y ' L ° h " e Ausslrahl "ng ciner !nforn.ST« h- 

. Ausstrahlung eines solchen InfonnationsSL v« " n *™ h ?" e ™den kanaaberoberhalbdieierG^ 

• * i^XSSaS^ i$t in ^ nd " se,ne no,wendige Unge 
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frci bestimmt werden einen zuverlassigen Signalemp- 
fang so daQ auch in soichen Bedingungen ist es moglich 
die Vorteiie dieser Signalubertragung auszuniitzen 
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An apparatus having a plurality of receiving 
coils for the avoidance of reception loss 
during a signal transmission with a magnetic 
field. 




This apparatus employs for the reception of the 
magnetic field carrying a signal, a plurality of, but 
at least two, receiving coils having a 
predetermined angle between their geometric 
axes, said coils being so arranged in one or two 
opposed, vertical planes that the directions of their 
geometrical axes and also the direction of the axis 
of the sending coil may be either in one plane or 
optionally in space. These receiving coils are 

simultaneously inductors of the reception resonance circuit, and from each such resonance cycle, 
signal voltage is picked up at least one time during a self repeating reception cycle. 
The apparatus presented in Fig. 9 (right, above) possesses three opposed, vertical receiving coil 
axes, u Lx", "Ly n and "Lz". The direction in space of these axes and also the axis of the sending coil 
may be optional. 

For the enhancement of a resonance circuit, a conventional condenser °C n is employed. To this 
and simultaneously to the signal amplifier "A", the receiving coils are connected sequentially during 
each receiving cycle with electronic switches "Sch.x", "Sch.y" and "Sch. Z" which said switches are 
activated by a control (070). This apparatus is for an inductive transmission and signal transmission 
in a local area. • 
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CLAIMS 

An apparatus for the avoidance of loss in signal because of the directional 
characteristics of sending and receiving coils, where a signal transmission with a 
magnetic field is concerned, therein characterized, in that there is employed for the 
reception of a magnetic field which carries a signal transmission, a plurality of, or 
at least two, receiving coils which have a characteristic angle between their 
geometric axes. Further, each receiving coil is also an inductor, either entirely or 
only partly so, of a resonance circuit correspondingly relating to the receiving 
frequency so that even in a free spatial disposition or in a planar optionally selected 
direction of the geometrical axes of the receiving coils or the sending coil, a signal 
voltage is induced and this signal voltage is picked up by a signal amplifier, said 
signal voltage being independent of any resonance circuit and isolated from all 
other resonance circuits. 

An apparatus in accord with Claim 1, therein characterized in that for the receiving 
of the magnetic field carrying the signal, two receiving coils with opposed, vertical, 
geometric axes are employed. 

An apparatus in accord with Claim 1, therein characterized in that for the receiving 
of the magnetic field carrying the signal, three receiving coils with opposed, 
vertical, geometric axes are used. 

An apparatus in accord with Claim 1, therein characterized in that for the receiving 
of the magnetic field carrying the signal, three receiving coils, the geometric axes 
of which, or the projection of the same lie in a plane, are used and the angle 
between the geometric axes of two neighboring receiving coils is 60°. 
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An apparatus in accord with Claim 1, therein characterized in that the geometric 
axes of the coils employed for the reception of the magnetic field which carries the 
signal are disposed in two opposed, vertical planes. 

An apparatus in accord with Claims 1 to 5, therein characterized in that for the 
reception of the magnetic field which carries the signal in any plane, three receiving 
coils are used, wherein a receiving coil, the geometric axis of which lies in a line of 
intersection of two planes is common to both planes and the angle between the 
geometric axes of two neighboring reception coils in one plane measures 60°. 

An apparatus in accord with Claim 1, therein characterized in that the receiving 
coils used for the reception of the magnetic field which carries the signal possesses 
a ferrite core. 

An apparatus in accord with Claim 1, therein characterized in that the coils used 
for the reception of the magnetic field which carries the signal are frame antennae. 

An apparatus in accord with Claim 1, therein characterized in that for the reception 
of the magnetic field which carries the signal, three receiving coils with opposed 
vertical geometric axes are employed, wherein two receiving coils are ferrite 
antennae and the third coil is a frame antenna. 

An apparatus in accord with Claims 1 to 9, therein characterized in that the 
intersection of the geometric axis of the frame antenna with the plane in which the 
geometric axes of the two ferrite antennae lie, is to be found in the angle between 
the said geometric axes of the two ferrite antennae. 

An apparatus in accord with Claim 1, therein characterized in that the induced 
signal voltage from each resonance circuit is picked up by an isolated amplifier. 
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An apparatus in accord with Claim 1, therein characterized in that the received 
signal voltage from the parallely connected outputs of all amplifiers, which said 
outputs are also decoupled with disconnect members, is picked up. 

An apparatus in accord with Claims 1 to 12, therein characterized in that 
demodulated signal voltage from the parallely connected signal rectifiers of all 
amplifiers, which signal rectifiers are decoupled with disconnect members, is 
picked up. 

An apparatus in accord with Claim 1, therein characterized in that each of the 
resonance circuits formed with the receiving coils are connected by an electronic 
switch to a common signal amplifier for the acquisition of the induced signal 
voltage and this is executed one time and one time only, which time is correlated 
with a resonance circuit and during the interval of given length for the picking up 
of the induced signal voltage. 

An apparatus in accord with Claims 1 to 14, therein characterized in that 
resonance circuit not directly connected to the signal amplifier is short circuited by 
means of electric switches, or is at least brought out of tuned alignment. 

An apparatus in accord with Claims 1 to 15, therein characterized in that all those 
resonance circuits which include receiving coils are provided with a common 
mutual tuning condenser, to which, during a receiving cycle, each receiving coil is 
connected at least once by an electronic switch to serve as an inductor for such a 
resonance circuit. 
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An apparatus in accord with Claims 1 to 16, therein characterized in that the 
common tuning condenser is connected either directly, or with a coupling means, 
to the input of a common amplifier. 

An apparatus in accord with Claims 1 to 1 7, therein characterized in that field 
effect transistors are employed as electronic switches. 

An apparatus in accord with Claim 1, therein characterized in that for the 
transmission of a data content having a definite interval, this data content in its full 
interval is modulated to a high frequency impulse of an appropriate interval several 
times, but at least with a doubled product of the number of receiving coils which 
are used. 

An apparatus in accord with Claim 1, therein characterized in that for the 
transmitting of a data content of definite interval, this data content is repeatedly 
transmitted with a number of high frequency impulses and each of these high 
frequency impulses transports this data content in its full completeness and 
encompassment and the number of these high frequency impulses is equal to at 
least the double product of the number of employed receiving coils. 



DESCRIPTION 
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For the avoidance of a loss in reception caused by the directional characteristics of 
send and receive coils, where signal transmission with a magnetic field is concerned, 
corrective measures are in common knowledge which encompass a rotatable sending coil, 
a cross frame, or the utilization of a plurality of sending coils. 

Disadvantages of the rotatable sending or receiving coils include complicated 
mechanical construction, the necessity of maintenance, and the necessary time for the 
adjustment of the axis of the coil. A quick and short-time signal transmission is ordinarily 
not possible with the said rotatable coil. For signal transmission over long distances, the 
directions of the geometrical axes in the case of both coils must be known, because even 
the directional pattern of the sending coil with one zero and a zone of zero emission is 
similar to a dipole. 

Employing a plurality of sending coils, with permissible, optional directions of 
their axes in space, but with opposedly different and preset dispositions of their 
geometrical axes therein, so that the magnetic field carrying the signal from at least one 
sending coil must induce a signal voltage in the receiving coil at an optional direction of its 
electrical axis, does indeed avoid the above disadvantages, but the data must be emitted at 
least once with each sending coil and the consumed time proves greater than is necessary 
for a simple emission of the data and further, space must be allowed for the room 
necessary for the several sending coils. 

The apparatus, which is here described, and which is suitable for an inductive 
signal transmission or for a signal transmission in a local zone does not have these 
deficiencies. 

A sending coil is used for the activation of the magnetic field which carries the 
signal and correspondingly, the combination of the employed reception coils may have the 
direction of their axes optionally in space or at least in one plane. For the receiving of its 
field there are used several, or at least two, receiving coils at a given fixed angle a, defined 
by the number of coils and operational objective of the apparatus, said angle being 
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between their geometric axes but in an optional direction of said axes in space or at least 
in one plane. 

The voltage "U" induced in a receiving coil is a function of the angle <p between 
the vertical line through the midpoint of the receiving coil to its plane of the electrical axis, 
and the direction of the magnetic field. In this respect, U = A - cos <p and is at maximum 
when <p = 0°. 

The vertical through the midpoint of the receiving coil to the plane of its electrical 
axis, is identical to the geometric axis of the receiving coil. The constant "A" is dependent 
upon the intensity of the magnetic field through the receiving coil and upon its 
construction. 

The number of the receiving coils and the angle a between its geometric axes are 
so selected that in an optional direction of the axis, the sending coil, either in a plane, or in 
the space of the electric axis with at least one receiving coil opposed to the magnetic field 
which carries the signal has such a direction that a signal voltage must be induced therein. 

In Fig. 1 is an example with two receiving coils Lx, Ly, the geometric axes "xg" 
and "yg? 9 of which lie in a horizontal plane and the angle between their geometric axes 
reads a = 90°. This arrangement makes possible, as is presented in Figs. 3 and 4, a signal 
reception at an optional direction of the geometrical axis of the sending coil in the 
horizontal plane and an optional direction of the geometrical axes of the receiving coils in 
the horizontal plane. This is in the range of inductive transmission and possible for not too 
distant operation because the magnetic field which carries the signal of the sending coil 
"Ls" is equal to, or at least approaches the field of a solenoid. The angle <px = 0° and is 
minimal between the tangent to a field line "tx" and the geometric axis "xg" of the 
receiving coil "Lx" and the signal voltage is only induced in the coil "Lx" in the case that 
the coil "Ly " is the angle <px = 90° and the induced signal voltage (7 = 0. In the case of a 
geometric axis "sg" which is turned 90°, the sending coil "Ls", as presented in Fig. 4, 
exhibits the angle <px = (F between the tangent "ty" and that of the geometric axis "yg" of 
the receiving coil "Ly", which signal voltage is only induced in the receiving coil "Ly" 
and U = 0 in the coil "Lx ". Each receiving coil is the inductor of a resonant circuit tuned 
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to the sending frequency from which, subsequently, the signal is obtained. Both resonant 
circuits are galvanically coupled, each resonance circuit is connected to its own amplifier 
"A ". The magnetic coupling between the resonance circuits must also be small, the 
resonance circuit dare not be influenced. If the phase difference of both induced signal 
voltages are small, then, with resistance "R " decoupled and by means of the parallely 
connected outputs of both amplifiers "A the signal voltage is removed. 

In Fig. 2 is an arrangement of three receiving coils, "Lx'\ Ly'\ "Lz", with 
opposed vertical geometrical axes, in which case the directions of the geometrical axes of 
the sending coils in space may be optional. Each receiving coil is an induction of a 
resonance circuit tuned to the sender frequency and each resonance circuit is connected to 
an amplifier "A " This is simultaneously an example of a case where the resonance circuit 
induced signal possesses different phases and the outputs coupled with the resistances "R " 
of the signal rectifier can be connected in parallel and then the demodulated signal 
voltage can be removed. 

In Fig. 5 is presented an arrangement of five receiving coils, the geometric axes of 
which lie in two opposed, vertical planes, i.e., in the horizontal plane "X" and the vertical 
plane 'T". The geometric axis of the sending coil "Ls", may then have an optional 
direction in space and an advantage of this arrangement of the receiving coils is marked by 
smaller swings of the evoked signal voltage which arises at the output of the apparatus as 
a function of the direction of the geometrical exits of the sending coil "Ls". In each plane 
three receiving coils are used for signal acquisition, in the plane "X", these are "Lx/' f 
"Lx 2 ", "Lxy", in the plane "Y" we have "Ly/' t "Ly 3 ", "Lxy". The receiving coil "Lxy" is 
common for both planes. The angle "a" between two, single plane geometric axes of two 
neighboring receiving coils measures a = 60° . Only the directions of the geometric axes 
of the receiving coils as opposed to the direction of the emission of the magnetic field 
which carries the signal are of importance and these remain intact even if, for example, the 
"Lx" receiving coils are found in a line as presented in Fig. 6 or yet if the "Ly" receiving 
coils, that is, all receiving coils, are found in the horizontal plane (see Figs. 6, 7). 
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In apparatuses, where the receiving coils, because of space restrictions, must find 
themselves at small distances from one another and their mutual inductive coupling cannot 
be eliminated, but the resonance circuit cannot be influenced, in this case it is possible to 
circumvent this difficulty, in that in a moment and during a time interval of interval "t e " 
the signal circuits taken from a resonance circuit and only this is connected to an 
electronic switch to the signal amplifier. The remainder resonance circuits can then be 
short circuited with electronic switches, or at least brought out of tune. 

In Fig. 8 is an example of an apparatus with two receiving coils, "Zjc" and "Ly" 
with mutually vertical geometric axes "xg" and "yg'\ which lie in horizontal planes, the 
direction, then, of the geometrical axis "sg" of the sending coil "Ls" may then be in an 
optional horizontal plane. The electronic switch "Sch.X" for the connection of the 
resonance circuit along with the receiving coil "Lx" during a receiving time "te" to the 
signal amplifier "A " or for the short circuiting of this resonance circuit and the electronic 
switch "5c//. Y" with a similar function to the resonance circuit with the receiving coil are 
activated by the control switch box (070). The signal voltage is removed from the 
resolution circuit in a periodically repeating receiving cycle and each resonance circuit 
during this receiving circuit, along with its electronic switch in a time point allotted only 
thereto, and during a receiving time "te " is connected to a signal amplifier "A". This 
receiving cycle repeats itself periodically. Following the pick-up of the signal voltage from 
the last resonance circuit, the signal voltage is again picked-up from the first resonance 
circuit. The interval "t ez " of a reception cycle is dependent upon the nature of the of the 
emitting of these data. In Fig. 1 1, there is shown the impulse diagram of the arrangement 
of Fig. 8, which data are in the form of non-modulated HF impulses emitted at a interval 
'7/\ The receiving coil "Lx" is in a situation in which "<p x " = 0° and the induced voltage 
"U x " therein is maximal, the receiving coil "Ly" must simultaneously be in the condition 
in which "<p y " = 90° and the therein induced voltage "U" is equal to null, i.e. U = 0. 

The interval "t ez " of a receiving cycle is given with the number "a " of the 
receiving coils, with which the reception time "t e " necessary for the certified reception of 
the transmitted information by the HF impulse with an optional 5 receiving coil and in the 
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case of an optional position of the HF impulse against the receiving cycle, and further with 
the time "t^" which is the time without reception, and that is the time between two 
subsequently following reception time "t e " of two reception coils. The minimal necessary 
interval of a reception cycle is then t ez = a * tjnin + (a - 1)1^ The minimal necessary 
receiving time with an optional coil is: tjnin = 2 - t { jnin + t„ wherein t ie min is the minimal 
necessary time for the transmission of the data with assured reception using an optional 
coil. This time," t ie mirf\ conforms to the transmitted data, the connection time for the 
electronic switches, and the read-out time of the amplifier "A The reception time 
"tjnin" must then be represented by the interval: tjnin = 2 • t ie min + t M because, as is 
presented in Fig. 1 1, line "induced voltage in coil and cycle" in the cycle "n" and in the 
cycle "n + / ", the "t t jnin " must, even in the case of an unfavorable position of the HF 
impulses remain in secured condition in the reception cycle. From the impulse diagram in 
Fig. 11, one may also see, that each HF impulse sent in an optional point of time, with at 
least one reception cycle "t a " is received and each time in the resonance circuit with the 
receiving coil "Lx" a signal voltage is induced during a time interval of interval t ind - 
ttjnin. 

The interval of the HF impulse is: t s = t ez When an emitted HF impulse, during two 
reception times "t e " which belong to two reception cycles following one another of a 
resonance cycle are received, during these HF impulses interval "t s " the signal voltage in 
this resonance circuit is doubly induced. In Fig. 11, this is the case where the HF impulse 
"m " is received during the n* and the (n + //*. With an HF impulse of a definite interval 
"t s " only a data content of a definite interval will be transmitted, for the transmission 
of a data content of a interval k - t i7 then at least A>HF impulses and ^-receiving cycles are 
necessary. 

An apparatus with three receiving coils, "Lx", "Ly", "Lz" having opposed, 
vertical, geometrical axes "xg", "yg", "zg"> which permit a signal transmission in a case 
where an optional direction of the geometric axis "sg" of the sending coil "Ls" in space, 
is shown in Fig. 9. The inductors [i.e. coils] "Lx", "Ly", "Lz" of the three resonance 
circuits have a common tuning condenser "C" 
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The reception coils are connected singly by means of electronic switches "Sch. X", "Sch. 
Y" and "Sch.Z" to this said condenser and simultaneously to the amplifier "A each time 
only at a particular instant correlated with a receiving coil. The resonance circuit is thus 
completed and the signal voltage is picked up. Field effect transistors are employed as 
switches, since a circulation current flows through receiving coils of the resonance circuit. 
The receiving coil "Lz" is a frame antenna and its induction is balanced by the 
compensation coil 'Xa" against the resonance frequency. In Fig. 10, the receiving coils 
portrayed as "Lx" and "Ly" are ferrite antennae and the "Lz" is a frame antenna, this 
combination is flat and permits a flat construction of equipment which is a particularly 
advantageous feature in portable and pocket units. In Fig. 12 are the impulse diagrams 
belonging to the arrangement of Fig. 9. 

A presupposition for receiving with the procedure as shown in accord with 
impulse diagrams Fig. 11, 12, is non-changeable data content during the entire interval 
"t s " of the emission of the HF impulses, so that with an optional receiving coil during the 
receiving time "tjnin " in an optional section of the HF impulses, always the complete 
data content will be received. 

If the data content alter itself, during an emission interval and, during the said 
interval " is received in completeness without interruption, then this data content must 
be received during at least one receiving cycle with at least one receiving coil, likewise, in 
completeness without interruption during its entire interval This is possible with the 
proposed apparatus when this data content is emitted w-times during the HF impulse. 
Impulse diagrams of such a period of emission with such a data content are presented 
in Figs. 13,14 and refer to the arrangement shown in Fig. 9. For simplification, an ideal 
case has been assumed in the impulse diagram Fig. 13, wherein the response and decay 
periods "t a " of the electronic switch are negligible — conversely, in Fig. 14 these intervals 
are given consideration. In this case the number "a" of the receiving coils is determined 
by the required and permissible changes of the directions of the geometric axes of the 
receiving coils and the sending coil "L s " as well as with the permissible fluctuations of the 
induced voltage in the receiving coils. 
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The same rules hold as those for the previous case of transmission having a non- 
modulated or a modulated HF impulse of an interval "t" which has non-variable data 
content. Fig. 14 makes evident that a changeable data content of an interval repeats 
w-times on the HF impulse of an interval whereby the number "w" of the 
repeats w = 2a must be emitted. In the example shown in Fig. 14, essentially in the 
matter of the receiving coil "Lx" the geometric axis ' f xg" finds itself in such a direction in 
relation to the magnetic field which carries the signal, that a signal voltage is induced in 
the receiving coil "Lx". The HF impulse of an interval in line 4, finds itself in an 
unfavorable position in relation to the receiving cycles (n-l) 9 n, and (n + 1) of line 5. The 

transmitted data content with the HF impulse "t s " (1) is received upon its emission 
during the switched connection which belongs to the n* reception cycle and on its (6) 
repetition during the switched connection of the "Lx" which corresponds to the (n + 1) 
receiving cycle in its full interval, see lines 5, 6. During the n* receiving cycle 5, 6, the 
reception coil "Lx" completely receives also the (6) repeat of the transmitted data content 
of the HF impulse, %"(0). During the (n + I) receiving cycle, the "Lx" coil receives 
completely also the (1) emission of the data content transmitted by the HF impulse 
"t/2) ". Upon a shift of the HF impulse, %(J) " to the right, the data content transmitted 
thereby is not completely received upon its (1) emission, however, is completely received 
during its (6) repetition in the same HF impulse "t s (I) " and during the (n + I) reception 
cycle with the coil "Lx". 

This leaves to be determined for an assured reception of an emitted data content: 

• an interval 

• by a given number "a" of receiving coils with an optional 
position of the HF impulse to the minimum necessary 
intervals "t s " for the said HF receiving cycles, and 

• the minimum necessary interval "t cz " of the receiving cycles. 
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The interval "t s " of the HF impulse in the case of a w-times repeated emission of a data 
content interval is comprised of the "w • interval emission intervals of the data and 
of a (w - I) - t oi interval of interval without emission of the data and is: 
t s = w -tg + (w- 1) • t oi . The interval given, the interval without emission of data 
is the interval between two neighboring emissions of the data and also the interval between 
two neighboring HF impulses. The interval possesses a timing conditioned by the 
design of the sender, which cannot be diminished. However, above this threshold is it 
freely to be chosen optionally and is used for the conformation of the interval %" of the 
HF impulse to its normal time span. 

The interval "/« " of a receiving cycle is: f„ = a ■ t e + (a - 1) • t M wherein the 
interval "t c " is that by a given time '%" and "t oi " minimal, necessary receiving interval 
with an optional receiving coil and by an optimal position of the HF impulse to the 
receiving cycle for a complete reception of the emitted data content of the interval 
The time span \ w is the interval passing without receiving and that is further the time 
between two neighboring receiving intervals "t 9 " of two receiving coils. The minimal 
necessary receiving interval "t 9 " with an optional receiving coil is, as is indicated in Fig. 
14, line 1, "HF Impulse"; line 2, "Receiving cycles"; line 3, Induced volts in coil during 
cycle; all given for a simple and single reception of the emitted data content during an 
interval "t" needed for receiving time, and this is: t ie = t hJ wherein the longest interval yet 
to be awaited, "t" is inserted along with the time span X'' and with the response and 
decay periods "t s " of the electronic switches which are employed. 

The minimum required reception interval "t e " for a receiving coil is 
/, = 2t ie + t oi + 2t a and the necessary interval is t oi = 2t s + t^. Since "t„" is the 
longest interval "tj' in action, these influence the interval of intervals of the HF 
impulses and are restrained to be as short as possible. The necessary interval of the HF 
impulse is shown by: = w + i l : + (w + t) • t oi and the interval ' V of a receiving cycle is 
expressed by: t ez = a - t e + (a - I) -t^ In the case of an emission of a shorter data content 
'V, provided as maximal, the interval '7 0 /' m "st be extended, so that the interval 

of the HF impulse remains unchanged or then also the interval "t ez " of the receiving 
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cycle must be determined anew. 

In the impulse diagrams as shown in Fig. 13, the assumption has been made, that 
the response and decay of the electronic switch are negligible, in which case then, t oi = t w . 
Instead of an HF impulse of period "t s " with a w-times data content which has been 
modulated, an interval " can also be used a "w" HF impulse for each of a time span 
interval "//' with generally the same modulated data content of interval "t"and the time 
span "t^" between two neighboring HF impulses remains at the same interval interval as 
the time %" between two neighboring modulations on the data content in the case of a 
transmission with an HF impulse interval "t s ". 

The described apparatus makes possible a reliable signal reception in the case of a 
signal transmission of exclusively magnetic field type, and in the areas of an inductive 
transmission and a transmission in local range even when the direction of the axis of the 
sending coil is not known and must be optional and also when the direction of the axes of 
the receiving coils cannot freely be determined, so that even under such conditions, it is 
possible to fully exploit the advantages of this signal transmission. 
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